Abstract: Reasonable and effective power planning contributes a lot to energy efficiency improvement, as well as the formulation of future economic and energy policies for a region. Since only a few provinces in China have nuclear power plants so far, nuclear power plants were not considered in many provincial-level power planning models. As an extremely important source of power generation in the future, the role of nuclear power plants can never be overlooked. In this paper, a comprehensive and detailed optimization model of provincial-level power generation expansion considering biomass and nuclear power plants is established from the perspective of electricity demand uncertainty. This model has been successfully applied to the case study of Zhejiang Province. The findings suggest that the nuclear power plants will contribute 9.56% of the total installed capacity, and it will become the second stable electricity source. The lowest total discounted cost is 1033.28 billion RMB and the fuel cost accounts for a large part of the total cost (about 69%). Different key performance indicators (KPI) differentiate electricity demand in scenarios that are used to test the model. Low electricity demand in the development mode of the comprehensive adjustment scenario (COML) produces the optimal power development path, as it provides the lowest discounted cost.
Introduction
Many countries in the world have experienced or are experiencing energy crisis and environmental pollution [1, 2] . As the largest developing country in the world, China is also confronted with these serious issues. Due to the continuous population growth and the rapid economic development, the ever-increasing demand for energy in the whole society has reached an unprecedented height [3] . The energy crisis will seriously hinder the process of social and economic development, and environmental pollution will also affect the sustainable development of ecological civilization. We do not want to see any of these issues worsening in China, which is an increasingly influential country.
Electricity is an important secondary energy source. China's total electricity demand increased from 4193.5 TW-h in 2010 to 5802.0 TW-h in 2015, with an average annual growth rate of 6.3%. However, China's power generation structure is dominated by coal-fired plants, which contribute more than 40% of the country's carbon dioxide (CO 2 ) emissions [4] . Many researchers are exploring
Methodology and Data
Firstly, a comprehensive and detailed provincial-level power generation expansion (PGE) optimization model that combines both biomass and nuclear power plants was established to minimize the total discounted cost of the entire system, and it was applied to Zhejiang Province's (China) power planning for the horizon from 2016 to 2025 (PGE-Zhejiang model).
Secondly, the results of the PGE-Zhejiang model were analyzed to determine the optimal power development path. Thirdly, the LEAP-Zhejiang-Electricity model was developed to obtain diversified electricity demand values under various potential scenarios from the perspective of uncertainty in electricity demand.
The diversified electricity demand values obtained from the LEAP-Zhejiang-Electricity model were used as constraints for the PGE-Zhejiang model to explore the impact of future electricity demand uncertainty on the power expansion planning.
Finally, important conclusions were drawn for policy making in Zhejiang's power sector.
PGE-Zhejiang Model
In this model, eight types of power generation technologies are taken into account, as shown in Table 1 , including coal-fired plants, natural gas plants, hydropower plants, pumped storage plants, wind power plants, solar photovoltaic power plants, biomass power plants, and nuclear plants. Besides, in order to make the power planning optimization scheme more reasonable and provide more referential value for policy-makers, it also considers some important general constraints, which are demand and supply balance constraints of electricity and power, safe operation constraints, capacity constraints, and variables non-negative constraints. The indices, parameters, and variables involved in this model are listed in Tables 1-3 . The objective function of this model Equation (1) is to achieve a balance of supply and demand of electricity and power, and to minimize the economic cost of the entire system during the planning horizon, including investment cost, operation and maintenance (O&M) cost, fuel cost, environmental cost, and electricity procurement cost. The specific calculation process is as follows Equations (1)- (6):
(1) Total investment cost. To take into account the continuous innovation of power generation technology, a parameter α is introduced in Equation (2), that is, the rate of change in investment costs [14] .
(2) Total operation and maintenance cost. To take into account the complexity and diversity of components in O&M costs, a parameter β is introduced in Equation (3), that is, the rate of change in O&M costs [14] .
(3) Total fuel cost. To take into account the finiteness of resources, a parameter γ is also introduced in Equation (4), that is, the rate of change in fuel costs.
(4) Total environment cost. The total environment cost includes two components, the former part is the environmental costs for conventional plants (coal-fired plants and natural gas plants) and biomass power plants, and the latter part is the environmental costs for nuclear plants [10] .
(5) Total external electricity procurement cost.
Physical Constraints
(1) Demand and supply balance of electricity and power. In this paper, the unit for electricity is TW-h, and GW for power. Given that the electricity supply planning scheme has to meet the province's increasing electricity demand, this study presents four specific sub-constraints, as shown in Equations (7)- (10) . The parameter η in Equation (9) is the proportional coefficient of purchased electricity and total electricity demand, which is estimated from the electricity data in [15] . The parameter ψ in Equation (10) is the proportional coefficient of purchased power and total peak load demand, also estimated from the power data in [15] .
(2) Power system security operation. Taking into account the intermittent nature of renewable energy power generation technology, the parameter ω, represents the safe operation coefficient of the power system, which is used in Equation (11) [4] . The parameter ρ in Equation (12) is the load margin coefficient, which is used to meet the peak load demand.
(3) Installed capacity within the planning horizon. The cumulative installed capacity in 2020 should be lower than the capacity in the planning document [15] .
(4) Non-negative decision variables.
Data Sources
Using data from the '13th Five-Year Power Development Plan' of Zhejiang Province (2016-2020) [15] , combined with actual data in recent years (2016) (2017) , this study mainly focuses on the '14th Five-Year Power Development Plan' in Zhejiang Province and it provides suggestions for relevant policy-makers. A discount rate of 7% per annum is adopted for all power plants, which is derived from the value that is used in [16] .
Important economic parameters that are involved in the PGE-Zhejiang model come from [16, 17] , including the power plant's life cycle, investment cost (USD/kW), O&M cost (RMB/kWh), and fuel cost (USD/MWh). These parameters were converted into RMB/kW, RMB/kWh, and RMB/MWh by using the average exchange rate of 6.15, as reported by the Organisation for Economic Co-operation and Development (OECD) in 2013. The rate of change in investment cost comes from [4, 17] ; the rate of change in O&M cost comes from [12] ; the rate of change in fuel costs comes from [17, 18] ; and, the capacity factor of different power plants comes from [4, 9, 12] .
Those power related parameters, such as electricity demand and peak load data from 2021 to 2025, are predicted by the grey prediction method that is used in [19] . The price of electricity purchased from the outside is estimated from [20, 21] . In addition, an empirical value "6000" of annual working hours is adopted for all power plants. Table 4 shows the key economic and technical data for different generations of technology throughout the planning horizon. Those economic and technical parameters that are related to pollutant emissions, including ef j,t , ev j , and pen j , are from the National Bureau of Statistics of China and the major pollutants reduction planning of Zhejiang Province [10, 22] . Our previous research on the Logarithmic Mean Divisia Index (LMDI) decomposition method [19] found that the factors affecting the growth of energy demand in a region are mainly the scale effect, structure effect, and the efficiency effect. Electricity is an important energy source, and the same method can be applied to investigate the factors affecting its consumption. Based on this idea, the growth of electricity consumption in the three industries is decomposed into the scale effect, structure effect, and efficiency effect. The decomposition results are listed in Table 5 , in which the key performance indicators (KPI) for the aforementioned three effects are gross domestic product (GDP) growth rate, proportion of industrial structure, and power consumption intensity, respectively. In view of the above decomposition results, the demand module of the Long-range Energy Alternatives Planning (LEAP) system was used to develop some related and meaningful electricity demand scenarios [23] . These scenarios can be divided into five categories according to the different values of the parameters, including baseline (BAS) scenario, scale effect (SCA) scenario, structure effect (STR) scenario, efficiency effect (EFF) scenario, and comprehensive adjustment (COM) scenario. BAS scenario is established to provide benchmarks for other scenarios, and the key assumptions in BAS scenario are based on the data mentioned in the Zhejiang economic and social development planning document, including population growth rate, gross domestic product (GDP), and three industries structure. The difference between the various scenarios is their KPI value, while other parameters are consistent with the BAS scenario. SCA scenario has two sub-scenarios (SCAL and SCAH) with low and high "GDP growth rate", respectively. STR scenario has two sub-scenarios (STRL and STRH) with low and high pace adjustment of three industries structure, respectively. The EFF scenario describes the change of electricity consumption intensity in various industries. COM scenario also has two sub-scenarios (COML and COMH) with low and high electricity demand, respectively. Low electricity demand (COML) scenario consists of low GDP growth rate (SCAL), high speed industry structure change (STRH) and electricity intensity values under efficiency effect adjustment scenario. High electricity demand (COMH) scenario consists of high GDP growth rate (SCAH), low speed industry structure change (STRL), and electricity intensity values under benchmark scenario, and other key parameters are consistent with the benchmark scenario. The findings of various electricity demand scenarios are used as the demand constraints to modify and improve the results of the PGE-Zhejiang model.
In this model, the population growth rate is assumed to be 0.5%, and the urbanization rates in 2020 and 2025 are 0.7 and 0.75, respectively, which can be obtained from [24] . For the BAS scenario and other scenarios than the SCA scenario, the KPI "GDP growth rate" is set to be 7%, according to the data in [25] . The GDP growth rates for SCAL and SCAH are 6.6% and 7.5%, respectively. Table 6 lists the forecasted proportion of industrial structure under different structure effects in 2020 and 2025. Further, according to the development trend in 2011-2015, the annual rate of change in the intensity of electricity consumption in various industries under the BAS scenario is obtained, and the results under the EFF scenario are listed in Table 7 . 
Results and Discussion
In this section, results and relevant discussions are presented, including the optimal power generation expansion path, cost-benefit analysis of PGE-Zhejiang model, results analysis of LEAP-Zhejiang-Electricity model, and power generation expansion under multi-scenario electricity demand constraints.
Results Analysis of Power Generation Expansion during the Planning Horizon
The installed capacity of different types of power generation technologies and their proportions throughout the planning horizon are shown in Figures 1 and 2 . The total installed capacity of the above-mentioned power generation technologies may reach 132.65 GW in 2025, with an annual growth rate of approximately 6.37%. In terms of the growth rate in Figure 1 , renewable energy technologies (wind and solar PV plants) are the fastest, however, when it comes to total installed capacity in Figure 2 , coal-fired plants and natural gas plants still dominate. Since the total installed nuclear power capacity in Zhejiang Province ranks third in China, it is reasonable that nuclear power accounts for 9.56% of the total installed capacity during the planning horizon in this paper.
above-mentioned power generation technologies may reach 132.65 GW in 2025, with an annual growth rate of approximately 6.37%. In terms of the growth rate in Figure 1 , renewable energy technologies (wind and solar PV plants) are the fastest, however, when it comes to total installed capacity in Figure 2 , coal-fired plants and natural gas plants still dominate. Since the total installed nuclear power capacity in Zhejiang Province ranks third in China, it is reasonable that nuclear power accounts for 9.56% of the total installed capacity during the planning horizon in this paper. The optimal power development planning for Zhejiang Province from 2016 to 2025 can be obtained from the PGE-Zhejiang model, including optimal power generation mix, external purchased electricity, and external purchased power. As shown in Figure 3 , as the demand for electricity continues to increase, power generation increases year by year, from 243.80 TW-h in 2016 to 327.59 TW-h in 2025. Meanwhile, coal-fired plants will continue to provide stable electricity output, ensuring the basic electricity demand in Zhejiang Province. Although the total installed capacity of the nuclear power plants accounts for only 9.56% of the total installed capacity during the planning horizon, its power generation capacity is only ranked after the coal-fired plants and has become another major source of maintaining the balance of supply and demand in Zhejiang's power system. In addition, renewable energy technologies will also make a significant contribution to the electricity demand in Zhejiang, which may provide the maximum 'about 6.18%' of power generation during the planning horizon. In fact, biomass power plants are often overlooked in some power planning studies, but this does not indicate that they are not important. Although they provide only 37.18 TW-h (1.31% of the total) during the planning horizon, their role in reducing environmental pollution due to large amounts of straw burning is indispensable. However, they usually cannot provide sufficient amount of electricity and can only meet 70% of the electricity demand. In this case, extra electricity is in need to meet the peak demand, which will be purchased from the outside. As shown in Figure 4 , both the external purchased electricity and power will continue to increase during the planning horizon. The former will vary from 125.60 TW-h in 2016 to 168.76 TW-h in 2025, and the latter will change from 26.50 GW in 2016 to 40.71 GW in 2025. The optimal power development planning for Zhejiang Province from 2016 to 2025 can be obtained from the PGE-Zhejiang model, including optimal power generation mix, external purchased electricity, and external purchased power. As shown in Figure 3 , as the demand for electricity continues to increase, power generation increases year by year, from 243.80 TW-h in 2016 to 327.59 TW-h in 2025. Meanwhile, coal-fired plants will continue to provide stable electricity output, ensuring the basic electricity demand in Zhejiang Province. Although the total installed capacity of the nuclear power plants accounts for only 9.56% of the total installed capacity during the planning horizon, its power generation capacity is only ranked after the coal-fired plants and has become another major source of maintaining the balance of supply and demand in Zhejiang's power system. In addition, renewable energy technologies will also make a significant contribution to the electricity demand in Zhejiang, which may provide the maximum 'about 6.18%' of power generation during the planning horizon. In fact, biomass power plants are often overlooked in some power planning studies, but this does not indicate that they are not important. Although they provide only 37.18 TW-h (1.31% of the total) during the planning horizon, their role in reducing environmental pollution due to large amounts of straw burning is indispensable. However, they usually cannot provide sufficient amount of electricity and can only meet 70% of the electricity demand. In this case, extra electricity is in need to meet the peak demand, which will be purchased from the outside. As shown in Figure 4 , both the external purchased electricity and power will continue to increase during the planning horizon. The former will vary from 125.60 TW-h in 2016 to 168.76 TW-h in 2025, and the latter will change from 26.50 GW in 2016 to 40.71 GW in 2025.
Energies 
Cost-Benefit Analysis of PGE-Zhejiang Model during the Planning Horizon
Since the objective function of the PGE-Zhejiang model is to minimize the total discounted cost of the whole power system, it is necessary to examine changes in various costs during the planning horizon. As shown in Figure 5 , the lowest total discounted cost is 1033.28 billion RMB, in which the fuel cost accounts for a large part of the total cost (about 69%). This means that, in order to reduce the cost of the system in the future, the proportion of investment in fossil fuel power plants should be appropriately reduced because their fuel costs are about 8 to 10 times higher than that of the nuclear plants. In contrast, from the perspective of economic costs and environmental protection, the proportions of investment in renewable energy power plants and nuclear power plants should increase. In the near future, they can become a good substitute for fossil fuel power plants to some extent. In addition to fuel cost, the cumulative share of outsourcing electricity cost is also large, which is about 16.36%. As shown in Figure 6 , the outsourcing electricity cost changes from 19.64 billion RMB in 2016 to 14.35 billion RMB in 2025 with a downward trend, as a result of the vigorous promotion and technological innovation of renewable energy power generation technologies. During the whole planning horizon, the environmental cost for the system to be paid for environmental pollution is about 50.01 billion RMB, accounting for 4.84% of the total cost. Similarly, some effective measures, including improving the proportion of renewable energy power plants as well as retrofit the fossil fuel power plants with advanced carbon capture and storage technology can be applied, through which this part of expenditure will be largely reduced. 
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During the whole planning horizon, the environmental cost for the system to be paid for environmental pollution is about 50.01 billion RMB, accounting for 4.84% of the total cost. Similarly, some effective measures, including improving the proportion of renewable energy power plants as well as retrofit the fossil fuel power plants with advanced carbon capture and storage technology can be applied, through which this part of expenditure will be largely reduced. Table 8 lists the electricity demands under various possible scenarios that are calculated using the LEAP-Zhejiang-Electricity model. The values obtained from the PGE-Zhejiang model are regarded as the original (ORI) scenario. The total electricity demand under the BAS scenario changes from 378.53 TW-h in 2016 to 607.35 TW-h in 2025, with an annual growth rate of 6%. In the wake of rapid development in the regional economy, the demand for electricity will continue to increase. As a result, electricity demand values under the SCAH scenario are obviously higher than that under the SCAL scenario, because the former has a higher KPI-"GDP growth rate". The adjustment of the macro industrial structure is bound to have a profound effect on the changes in electricity demand in the region. Therefore, electricity demand values under the STRH scenario with high-speed transforming from the secondary industry to the tertiary industry are significantly lower than that under the STRL scenario, which is because most industries in the secondary industry have higher energy intensity. With the improvement of energy efficiency, the electricity demand under the EFF scenario has been reduced to some extent when compared to the BAS scenario. When considering all KPIs in a comprehensive manner, electricity demand values under the COMH and COML scenarios are lower than that under the BAS scenario, and they are only 92% and 78% of the BAS scenario value, respectively. This result shows that electricity demand is closely related to the aforementioned factors. In the process of power planning, only comprehensive consideration of various factors will enable policy-makers to obtain the most reliable results. It is also worth noting that, during the planning horizon, the SCAH scenario always has the highest electricity demand values, which indicates that the GDP growth rate will become the primary KPI affecting the electricity demand. Table 8 lists the electricity demands under various possible scenarios that are calculated using the LEAP-Zhejiang-Electricity model. The values obtained from the PGE-Zhejiang model are regarded as the original (ORI) scenario. The total electricity demand under the BAS scenario changes from 378.53 TW-h in 2016 to 607.35 TW-h in 2025, with an annual growth rate of 6%. In the wake of rapid development in the regional economy, the demand for electricity will continue to increase. As a result, electricity demand values under the SCAH scenario are obviously higher than that under the SCAL scenario, because the former has a higher KPI-"GDP growth rate". The adjustment of the macro industrial structure is bound to have a profound effect on the changes in electricity demand in the region. Therefore, electricity demand values under the STRH scenario with high-speed transforming from the secondary industry to the tertiary industry are significantly lower than that under the STRL scenario, which is because most industries in the secondary industry have higher energy intensity. With the improvement of energy efficiency, the electricity demand under the EFF scenario has been reduced to some extent when compared to the BAS scenario. When considering all KPIs in a comprehensive manner, electricity demand values under the COMH and COML scenarios are lower than that under the BAS scenario, and they are only 92% and 78% of the BAS scenario value, respectively. This result shows that electricity demand is closely related to the aforementioned factors. In the process of power planning, only comprehensive consideration of various factors will enable policy-makers to obtain the most reliable results. It is also worth noting that, during the planning horizon, the SCAH scenario always has the highest electricity demand values, which indicates that the GDP growth rate will become the primary KPI affecting the electricity demand. 
Results Analysis of LEAP-Zhejiang-Electricity Model

Results Analysis of Power Generation Expansion under Multi-Scenario Electricity Demand Constraints
The above multi-scenario electricity demand values were further substituted into the PGE-Zhejiang model as different constraints. By exploring the results of the PGE-Zhejiang model under each electricity demand scenario, this model has been refined, as shown below.
Results Analysis of Parameters Optimization
Based on the fact that there is a large gap between the electricity demand values under different scenarios, the parameters of the PGE-Zhejiang model need to be corrected when considering the multiple scenarios of electricity demand constraints. Table 9 lists the corrected parameters. As shown in this table, the proportion of external purchased electricity is in the range of 0.33 to 0.45, which is consistent with electricity demand under different scenarios during the planning horizon. Meanwhile, the average working hours of the plants should also be adjusted to change their outputs. Figure 7 shows the proportions of various costs under different scenarios during the planning horizon. There are no significant differences in investment costs and operating costs under the nine scenarios. In contrast, with the changes in electricity demand under different scenarios, the output of power plants, fuel consumption, and the proportion of electricity that needs to be purchased from external grids have undergone major changes, resulting in large fluctuations in fuel cost, environment cost, and electricity procurement cost. It is worth noting that the SCAH scenario has the highest proportion of external electricity procurement cost, while the O&M cost, fuel cost, and environment cost are the lowest. This means that, in the SCAH scenario, the growing demand for electricity can be met by increasing the proportion of purchased electricity. However, this mode is not advisable for long distance transmission, which is unreliable to ensure the safety of the power system. As can be seen from Figure 8 , the total discounted costs under various scenarios are quite different. The value in ORI scenario refers to the actual value obtained from the PGE-Zhejiang model, which is 1033.28 billion RMB. In the eight scenarios that were developed in the LEAP-Zhejiang-Electricity model, BAS has the highest total discounted cost, which is 1050.53 billion RMB. There are only four scenarios (STRH, STRL, COMH, and COML) under which the total discounted costs are lower than the value in ORI, which means that the development mode of these four scenarios can be applied to power expansion planning. In other words, accelerating the transformation and upgrading of the industrial structure should be a key consideration in power expansion planning. Besides, the development mode of comprehensive adjustment scenarios is also a good option, which takes into account all three effects (SCA, STR, and EFF). Figure 9 shows the amount of electricity that needs to be purchased from the external grid during the planning horizon to achieve a balance of electricity supply and demand and the safety of the region. With the rapid development of the regional economy, the demand for electricity continues to increase. Of these nine scenarios, the SCAH scenario has the highest demand for electricity, with an average annual growth rate of 6.65%, since the key assumption of the highest As can be seen from Figure 8 , the total discounted costs under various scenarios are quite different. The value in ORI scenario refers to the actual value obtained from the PGE-Zhejiang model, which is 1033.28 billion RMB. In the eight scenarios that were developed in the LEAP-Zhejiang-Electricity model, BAS has the highest total discounted cost, which is 1050.53 billion RMB. There are only four scenarios (STRH, STRL, COMH, and COML) under which the total discounted costs are lower than the value in ORI, which means that the development mode of these four scenarios can be applied to power expansion planning. In other words, accelerating the transformation and upgrading of the industrial structure should be a key consideration in power expansion planning. Besides, the development mode of comprehensive adjustment scenarios is also a good option, which takes into account all three effects (SCA, STR, and EFF). As can be seen from Figure 8 , the total discounted costs under various scenarios are quite different. The value in ORI scenario refers to the actual value obtained from the PGE-Zhejiang model, which is 1033.28 billion RMB. In the eight scenarios that were developed in the LEAP-Zhejiang-Electricity model, BAS has the highest total discounted cost, which is 1050.53 billion RMB. There are only four scenarios (STRH, STRL, COMH, and COML) under which the total discounted costs are lower than the value in ORI, which means that the development mode of these four scenarios can be applied to power expansion planning. In other words, accelerating the transformation and upgrading of the industrial structure should be a key consideration in power expansion planning. Besides, the development mode of comprehensive adjustment scenarios is also a good option, which takes into account all three effects (SCA, STR, and EFF). Figure 9 shows the amount of electricity that needs to be purchased from the external grid during the planning horizon to achieve a balance of electricity supply and demand and the safety of the region. With the rapid development of the regional economy, the demand for electricity continues to increase. Of these nine scenarios, the SCAH scenario has the highest demand for electricity, with an average annual growth rate of 6.65%, since the key assumption of the highest Figure 9 shows the amount of electricity that needs to be purchased from the external grid during the planning horizon to achieve a balance of electricity supply and demand and the safety of the region. With the rapid development of the regional economy, the demand for electricity continues to increase. Of these nine scenarios, the SCAH scenario has the highest demand for electricity, with an average annual growth rate of 6.65%, since the key assumption of the highest GDP growth rate of 7.5% was considered in this scenario. As for the STRH, STRL, and COML scenarios that are mentioned above, the COML scenario stands out from the three scenarios because of the least amount of electricity purchased. Furthermore, there is little difference in the amount of external purchased electricity between ORI and COML scenarios. However, the ORI scenario is not as good as the COML scenario in terms of total discounted costs. Based on the above analysis, it can be concluded that the development mode of the COML scenario will become the optimal development path for future power generation expansion planning. GDP growth rate of 7.5% was considered in this scenario. As for the STRH, STRL, and COML scenarios that are mentioned above, the COML scenario stands out from the three scenarios because of the least amount of electricity purchased. Furthermore, there is little difference in the amount of external purchased electricity between ORI and COML scenarios. However, the ORI scenario is not as good as the COML scenario in terms of total discounted costs. Based on the above analysis, it can be concluded that the development mode of the COML scenario will become the optimal development path for future power generation expansion planning. 
Comparisons of External Purchased Electricity under Different Scenarios
Conclusions
An attempt has been made to research provincial power generation expansion problem from the perspective of electricity demand uncertainty. A corresponding model has been established and successfully applied to the case study of Zhejiang Province's power planning for the horizon from 2016 to 2025 with consideration of biomass and nuclear power plants. The objective function of this model is to minimize the total discounted cost of the entire system, including investment cost, O&M cost, fuel cost, environment cost, and electricity procurement cost, through which some meaningful conclusions have been obtained and summarized as follows:
(1) Although the total installed capacity of nuclear power plants accounts for only 9.56% of the total installed capacity during the planning horizon, their power generation capacity is ranked after the coal-fired plants, owing to the high capacity factor, and has become another major source of maintaining the balance of supply and demand in Zhejiang's power system. When compared with other power generation technologies, the installed capacity proportion of biomass power plants is not large and it provides only 37.18 TW-h (1.31% of the total power generation) during the planning horizon. However, their role in reducing environmental pollution is indispensable. In spite of the fastest growth rate of installed capacity for renewable energy technologies (wind and solar PV plants), coal-fired plants and natural gas plants still dominate in total installed capacities. (2) The lowest total discounted cost is 1033.28 billion RMB during the planning horizon. However, given the fact that the power generation structure of Zhejiang Province is dominated by fossil fuel power plants, the fuel cost accounts for a large part of the total cost (about 69%). In the near future, the investment proportions of renewable energy power plants and nuclear power plants should be increased from the perspective of economic costs and environmental protection, since they can become a good substitute for fossil fuel power plants and reduce fuel cost to some extent. Besides, the external electricity procurement cost also accounts for a large part (about 16.36%). Moreover, the environmental cost for the system can be largely reduced 
(1) Although the total installed capacity of nuclear power plants accounts for only 9.56% of the total installed capacity during the planning horizon, their power generation capacity is ranked after the coal-fired plants, owing to the high capacity factor, and has become another major source of maintaining the balance of supply and demand in Zhejiang's power system. When compared with other power generation technologies, the installed capacity proportion of biomass power plants is not large and it provides only 37.18 TW-h (1.31% of the total power generation) during the planning horizon. However, their role in reducing environmental pollution is indispensable.
In spite of the fastest growth rate of installed capacity for renewable energy technologies (wind and solar PV plants), coal-fired plants and natural gas plants still dominate in total installed capacities. (2) The lowest total discounted cost is 1033.28 billion RMB during the planning horizon. However, given the fact that the power generation structure of Zhejiang Province is dominated by fossil fuel power plants, the fuel cost accounts for a large part of the total cost (about 69%). In the near future, the investment proportions of renewable energy power plants and nuclear power plants should be increased from the perspective of economic costs and environmental protection, since they can become a good substitute for fossil fuel power plants and reduce fuel cost to some extent. Besides, the external electricity procurement cost also accounts for a large part (about 16.36%). Moreover, the environmental cost for the system can be largely reduced by taking effective measures into account, including improving the proportion of renewable energy power plants. (3) Electricity demand is closely related to many factors, and electricity demand values under various scenarios are different since they have different key performance indicators. The SCAH scenario always has the highest electricity demand values during the planning horizon, which indicates that the GDP growth rate will become the primary KPI affecting the electricity demand. However, other factors cannot be overlooked. In the process of power planning, only the comprehensive consideration of various factors will enable policy-makers to obtain the most reliable results. (4) The optimization results of the ORI and COML scenarios are very similar, whether it is the electricity demand, the proportion of external purchased electricity, the proportions of various costs, or the values of some key techno-economic data, which verifies that the results derived from ORI scenario are true and authentic. Nevertheless, in view of the total discounted cost, the ORI scenario is not as superior as COML scenario, and the development mode of COML scenario should be adopted by policy-makers to obtain the optimal future power development path.
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